6.1 Cartilage repair rehabilitation: chondrocyte to cerebrum  by Hambly, K.
Osteoarthritis and Cartilage Vol. 15, Supplement B Extended Abstracts B7
16. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. 
Validation study of WOMAC: a health status instrument for measuring 
clinically important patient relevant outcomes to antirheumatic drug 
therapy in patients with osteoarthritis of the hip or knee. J Rheumatol 
1988; 15:1833-40. 
17. Flandry F, Hunt JP, Terry GC, Hughston JC. Analysis of subjective 
knee complaints using visual analog scales. Am J Sports Med 1991; 
19:112-8. 
/BV5-BWPJF1%VWBM/"OFXHFOFSBUJPOPGBSUJ¾DJBMMJHBNFOUT
in reconstruction of the anterior cruciate ligament. Two-year follow-
up of a randomised trial. J Bone Joint Surg Br 2002; 84:356-60. 
19. Ask S, Lindmark B, Johansson A. [Evaluation of the use of 
continuous passive motion (CPM) in rehabilitation following total 
knee replacement]. Nordisk Fysioterapi 2003; 7:29-39. 
20. Zorzi C, Dall’oca C, Cadossi R, Setti S. Effects of pulsed 
FMFDUSPNBHOFUJD ¾FMET PO QBUJFOUTµ SFDPWFSZ BGUFS BSUISPTDPQJD
surgery: prospective, randomized and double-blind study. Knee 
Surg Sports Traumatol Arthrosc 2007. 
21. Ehrich EW, Davies GM, Watson DJ, Bolognese JA, Seidenberg 
BC, Bellamy N. Minimal perceptible clinical improvement with the 
Western Ontario and McMaster Universities osteoarthritis index 
questionnaire and global assessments in patients with osteoarthritis. 
J Rheumatol 2000; 27:2635-41. 
22. Paradowski PT, Englund M, Roos EM, Lohmander LS. Similar 
group mean scores, but large individual variations, in patient-
relevant outcomes over 2 years in meniscectomized subjects with 
and without radiographic knee osteoarthritis. Health Qual Life 
Outcomes 2004; 2:38. 
6.1
Cartilage repair rehabilitation: chondrocyte to cerebrum 
K. Hambly, United Kingdom 
Thousands of people each year experience symptoms related to 
chondral defects that often threaten quality of life, especially in an 
athletically active population (Cain & Clancy 2001; Mithoefer et al. 
2002). The treatment of articular cartilage defects has undergone a 
SBQJEBOEFYDJUJOHFWPMVUJPO JOSFDFOUZFBSTFTQFDJBMMZ JO UIF¾FME
of advanced cell-based orthobiologic technologies. New surgical 
options to repair chondral defects are now available where, 
previously, the only option has been arthroplasty (Alford & Cole 
2005).
Rehabilitation is widely considered an important component for 
successful outcome. Articular cartilage repair rehabilitation is 
MFOHUIZBOEWFSZ GFXTUVEJFTIBWFDPOTJEFSFEUIFSBNJ¾DBUJPOTPG
the lengthy rehabilitation period and its functional restrictions on 
the patient’s outcome. Whilst international research into tissue-
FOHJOFFSJOHBOETVSHJDBMUFDIOJRVFTIBTCFFO¿PVSJTIJOHSFTFBSDI
on rehabilitation remains in its infancy. A recent analysis of the 
quality of cartilage repair studies found that they are generally of low 
methodological quality (Jakobsen et al. 2005). The studies included 
in this analysis only scored a mean of 5.3 (maximum score of 10) 
in the Coleman Methodology Score for description of postoperative 
rehabilitation. This led the authors to conclude that there was a need 
to establish and report on detailed rehabilitation protocols and to 
monitor rehabilitation compliance in future studies.
Considerable variation in postoperative rehabilitative care exists 
BDSPTTDBSUJMBHFSFQBJSDFOUSFTBOEUIJTQSFTFOUTBTJHOJ¾DBOUDIBMMFOHF
to surgeons, therapists and patients alike. An initial comparative 
analysis of postoperative rehabilitation parameters for autologous 
chondrocyte implantation (ACI) at specialist cartilage repair centres 
highlighted key areas of variation in clinical practice (Hambly et al. 
2006). In particular, timescales for return to full weight bearing and 
full range of motion exhibited large variances between centres of up 
to twelve weeks in some instances. Clear patterns of variation were 
BMTPJEFOUJ¾FEJOUIFVUJMJTBUJPOPGTQFDJ¾DSFIBCJMJUBUJWFNPEBMJUJFT
in particular the extent of use of continuous passive motion (CPM) 
between the USA and the UK. Yet, despite these variations, no single 
centre to date has demonstrated the superiority of a particular 
ACI rehabilitation protocol in terms of clinical outcome measures. 
)PXFWFSUIJTNBZCFQSFEPNJOBOUMZBSF¿FDUJPOPOUIFDIPJDFBOE
validity of many of the clinical outcome measures that are in current 
use and their ability to assess functional cartilage repair outcomes.
5IF FG¾DBDZ PG DVSSFOU SFIBCJMJUBUJPO QSBDUJDF GPS DBSUJMBHF SFQBJS
surgery has yet to be established. The review of adverse events 
GPMMPXJOH"$*QVCMJTIFECZ8PPEFUBM 	
 JEFOUJ¾FEBWBSJFUZ
of adverse events as reported to the United States Food and Drug 
Administration. It is plausible, if not probable, that a reasonable 
proportion of these adverse events could be at least partially 
attributable to the rehabilitation process. Rehabilitation that is 
too aggressive or patients that return to sport too early have been 
reasons commonly proposed in the literature to explain instances 
of cartilage repair failure. However, a case could also be made 
UIBU B TJHOJ¾DBOU QSPQPSUJPOPG BEWFSTF FWFOUT GPMMPXJOH DBSUJMBHF
repair could actually be attributable to suboptimal rehabilitation via 
JOTVG¾DJFOUBQQSPQSJBUFNFDIBOJDBMTUJNVMJ/PSNBMBSUJDVMBSDBSUJMBHF
GVODUJPOSFRVJSFTNFDIBOJDBMTUJNVMJ*OTVG¾DJFOUTUJNVMJUPBSUJDVMBS
cartilage via immobilisation and partial weight bearing have been 
shown to result in a decrease in cartilage thickness and stiffness 
	)JOUFSXJNNFSFUBM&DLTUFJOFUBM
"SUISP¾CSPTJTIBT
been correlated to the duration of postoperative immobilisation and 
has been shown to become an established condition by as early as 
four weeks postoperatively (Noyes et al. 2000). This has important 
implications for the design and implementation of rehabilitation 
programmes.
Cartilage mechanobiology is complex and although there is a 
SBQJEMZ JODSFBTJOHMZ GPVOEBUJPO PG TDJFOUJ¾D JOGPSNBUJPO JO WJUSP
there is currently still a paucity of information in vivo. Knowledge 
of how cartilage repairs respond to mechanical signals under 
various exercise conditions and the level of pathological overload 
across the rehabilitative stages remains elusive. Traditionally the 
primary focus of cartilage repair rehabilitation has been on the 
protection and preservation of the local repair site. This is critical, 
but there is now an increasing recognition for the need to balance 
protection of the repair with functional rehabilitation especially in 
the latter postoperative stages. The approach to cartilage repair 
rehabilitation is evolving and there is a mounting appreciation of 
the need to approach cartilage repair rehabilitation from a more 
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holistic, patient orientated perspective. Rehabilitation is a process, 
and a lengthy one at that, and in order to optimise the outcome it 
is essential to consider each patient from the localised cellular 
level of the chondrocyte all the way through to the global level with 
DPOTJEFSBUJPOPGQTZDIPTPDJBMGBDUPSTEFNBOETBOEJO¿VFODFTBOE
health behaviour cognition. 
The concept of a cartilage repair rehabilitation consensus meeting 
was conceived by Vladimir Bobic FRCSEd and presented to the 
ICRS board at the ICRS Congress in Gent, Belgium in 2004. An on-
line survey of current opinions regarding articular cartilage repair 
rehabilitation was conducted by the author in conjunction with the 
*$34 JO"VHVTU  5IF¾STU JOUFSOBUJPOBMNFFUJOHEFEJDBUFE UP
the rehabilitation of the knee following articular cartilage repair was 
subsequently announced for June 2007. 
An invitation to partipate in the online survey was emailed to the ICRS 
database in August 2006. A total of 133 responses were received 
although 8 respondents stated that they had no involvement with 
cartilage repair and were subsequently excluded from the survey. 
The majority of respondents were orthopaedic surgeons (58%) with 
other areas of involvement including physiotherapy (11%), industry 
(8%) sports medicine (5%) and general surgery (1%). Overall 35% 
of respondents stated that 50% or more of their professional time 
XBTTQFOUXJUIJOUIFDBSUJMBHFSFQBJS¾FMECFUXFFOPG
their time and 32% less than 20% of their time. Within this cohort 
98% of respondents agreed or strongly agreed that rehabilitation 
was an essential component of cartilage repair surgery. Pertinently, 
37% of respondents stated that they always use a standardised 
rehabilitation protocol for their cartilage repair patients and an 
additional 48% stated that they use a standardised rehabilitation 
protocol in most cases. However, a later question that asked whether 
cartilage repair rehabilitation should be individualised for each 
patient resulted in 76% of the respondents in agreement or strong 
agreement that it should. This therefore raises the issue of variance 
and how much occurs not only in terms of patient compliance but 
also in terms of the individualisation of rehabilitation protocols and 
the clinical foundations on which these variations are prescribed and 
implemented. On the basis of the results of the survey it was not 
surprising that 93% of survey respondents either agreed or strongly 
agreed that there was a need for evidence-based clinical guidelines 
for rehabilitation after cartilage repair. The outcomes from the ICRS 
Rehabilitation Survey served to reinforce the recommendations of 
Jakobsen et al. (2005) and draw attention to the need for a consensus 
on clinical guidelines for rehabilitation following articular cartilage 
repair.
The 1st ICRS Rehabilitation Consensus Meeting was held 29th-30th 
June 2007 at the Schulthess Clinic in Zurich Switzerland. The meeting 
comprised of an international faculty of surgeons, therapists, 
scientists and exercise physiologists working within cartilage repair 
and was attended by participants from around the world. The aim of 
the meeting was to produce a consensus document for rehabilitation 
after articular cartilage repair procedures of the knee with a view 
to identifying and initiating collaborative research studies. Current 
understanding; latest advances; issues; and areas of debate that 
are relevant to cartilage repair rehabilitation were presented and 
discussed. Key issues that were considered at the consensus 
meeting included: * Variations in rehabilitation between differing 
cartilage repair procedures. * Time frames for weightbearing and 
range of movement restrictions. * Rationale for progressions 
and return to activities and sport. * Selection and validation of 
outcome measures. * Education and communication strategies for 
surgeons, therapists and patients. * The dilemma and implications 
of standardised protocols versus individual programming. 
There is an urgent need for basic scientists, surgeons and physical 
therapists to adopt a coordinated approach to the development of a 
consensus on clinical guidelines for rehabilitation following articular 
cartilage repair procedures. Therapists working within specialist 
cartilage repair centres have an exciting and important opportunity 
to build and contribute to an evidence base for articular cartilage 
repair rehabilitation.
5IFSPMFBOEFG¾DBDZPGSFIBCJMJUBUJPOGPSDBSUJMBHFSFQBJSUFDIOJRVFT
is evolving but the parameters, timescales and indications for 
individualisation are still poorly understood. Key rehabilitation issues 
are now being raised but until an evidence base for rehabilitation 
practice is available surgeons and therapists will have to continue to 
rely on education, communication and underpinning knowledge of 
the surgical techniques; basic science; biomechanics; and exercise 
programming to inform clinical practice.
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